Objective: To investigate whether cancer is associated with Alzheimer disease (AD) and vascular dementia (VaD).
Despite hypothesized biologic links to AD, and demonstrated associations with another neurodegenerative disease, 4, 5 research investigating epidemiologic associations between cancer and AD is limited. We previously reported that older adults with prevalent clinical AD develop incident cancer at a slower rate compared to older adults without dementia, and that individuals without dementia with a cancer history may be slower to later develop clinical AD. 7 Limitations included the use of a non-populationbased sample; the use of informant reports of cancer diagnoses; the possibility that the results were an artifact of faster death rates among participants with AD; and the possibility that physicians may be less likely to thoroughly look for cancer among individuals with dementia.
This work used data from the Cognition Substudy of the Cardiovascular Health Study (CHS) to address these limitations by investigating associations between AD and cancer in a population-based sample, by defining incident cancer based on cancer hospitalization records, and by examining associations between cancer and 2 types of dementia with different etiologies, related to neurodegenerative processes in one (AD) and to cerebrovascular insults in the other (vascular dementia [VaD] ).
METHODS Design. Two studies were conducted. We first investigated whether time to first cancer hospitalization was associated with having prevalent dementia of a particular type (any AD, pure AD, any VaD, pure VaD, or mixed AD/VaD) at baseline, and subsequently whether time to first diagnosis of dementia of a particular type was related to having a cancer history at baseline. The time of brain MRI, occurring 1992-1993, was used as baseline in both studies.
Participants. Detailed descriptions of the CHS Cognition
Study sample and assessment procedures are available. [8] [9] [10] [11] Briefly, the CHS is a population-based sample of participants aged 65 years and older from 4 communities (Forsyth County, NC; Washington County, MD; Sacramento County, CA; Pittsburgh, PA). Randomized Medicare eligibility lists were used to identify and recruit 5,201 participants during 1989 -1990 , and an additional 687 African American participants during 1992-1993. CHS participants were interviewed by telephone every 6 months, and completed up to 10 annual clinic visits through 1998 -1999, where demographic, medical, functional, psychosocial, and neuropsychological data were collected.
Standard protocol approvals, registrations, and patient consents. Written informed consent was obtained from all participants, both at entry and at specified intervals during the study. 12 Each CHS center obtained approval for the study from their respective institutional review boards. 12 Researchers at Washington University completed the CHS Data Distribution Agreement and obtained approval for the study protocol from the Washington University Medical Center Human Subjects Committee.
The CHS Cognition Study. This ancillary study, initiated in 1998, evaluated cognitive status among CHS participants who had completed MRI and a modified Mini-Mental State Examination (3MSE) 13 during 1992-1993 (n ϭ 3,602). Living participants at high risk for dementia based on previous CHS testing, all Pittsburgh site participants, and all participants of minority race were invited to participate in additional neuropsychological testing.
Determination of prevalent (i.e., at the time of the 1992-1993 MRI, which was also defined as the enrollment date of the CHS Cognition Study) and incident (i.e., between Cognition Study enrollment and June 30, 1999) cognitive status was made. [9] [10] [11] For participants who were deceased, or who refused or were unable to come into the clinic for additional testing, cognitive status determination was based on information obtained from previously completed CHS clinic visits, along with new data from informant/proxy interviews, physician questionnaires, and medical records.
Without knowledge of the MRI results, cognitive status was first classified as normal, mild cognitive impairment (MCI), 14 or dementia by a committee of study neurologists and psychiatrists. For participants with dementia, an estimated date of dementia symptom onset was assigned; participants for whom symptom onset occurred before the date of CHS Cognition Study enrollment were classified as having prevalent dementia, and those with symptom onset after enrollment as having incident dementia. The presumed etiology of the dementia (AD only, VaD only, mixed AD and VaD, or other) was then determined based on all available data, including the brain MRI results. 9 The presumed etiology of dementia for the "AD only" group was believed to be AD, but not VaD, and dementia in the "VaD only" group was believed to have resulted from VaD, but not AD. The "mixed AD/VaD group" had features of both diseases. Standardized criteria were used to classify dementia subtype including the National Institute of Neurological and Communicative Diseases and Stroke-Alzheimer's Disease and Related Disorders Association (NINCDS-ADRDA) for AD 15 and the State of California Alzheimer's Disease Diagnostic and Treatment Centers (ADDTC) criteria for VaD. 16 More detailed information on how dementia diagnoses were assigned has been published. [9] [10] [11] CHS cancer hospitalization data [17] [18] [19] were available from the time of CHS enrollment through June 2003. Prevalent (i.e., at the time of the 1992-1993 MRI) cancer was defined as answering "yes" to the CHS enrollment interview question "Have you ever been diagnosed with cancer?" or a hospitalization for cancer after CHS enrollment but before the date of the Cognition Study MRI. Cancer hospitalizations were identified using International Classification of Diseases-Ninth Revision (ICD-9) diagnostic codes on hospital discharge abstracts during the follow-up period, and included new primary, recurrent primary, metastatic , unspecified site (ICD-9 199), and in situ (ICD-9 230 -234) cancers.
Statistical analyses.
Because the date of onset was not determined, data from the 577 participants diagnosed with MCI, and from 5 participants with missing data on baseline cancer status, were excluded. The number of participants in each analysis varied according to the inclusion criteria for that analysis.
Analyses testing whether prevalent dementia is associated with future hospitalizations for cancer. Cox proportional hazards models were used to first examine associations between having any AD diagnosis (pure AD ϩ mixed AD/VaD) vs no dementia at baseline and time from baseline to first cancer hospitalization among participants with no cancer history. Participants with prevalent dementia diagnoses of other types (i.e., pure VaD) were not included in these analyses. Participants without prevalent dementia, but who later received incident dementia diagnoses, were included in the analyses as part of the baseline "no dementia" group. The models were adjusted for demographic characteristics (sex, race, age, education, income, CHS clinic) and baseline risk factors associated with multiple cancer types 20 : tobacco use (current smoker, former smoker, or never smoked and number of cigarette pack-years smoked), obesity (more than 130% overweight), and physical inactivity (kilocalories expended in physical activity). Data from participants who were not hospitalized for cancer were censored at the date of last follow-up or death from other causes. Preliminary models tested whether the prevalent AD variable interacted with each of the other variables in the model in determining time to first cancer hospitalization. If the prevalent AD variable interacted significantly with another categorical variable, the analyses were then conducted separately for each level of the categorical variable.
The analyses were repeated 5 times, substituting the predictor variable "no dementia vs any AD" with variables reflecting different types, or combinations of types, of prevalent dementia diagnoses. Other prevalent dementia diagnoses tested were pure AD, any VaD (pure VaD ϩ mixed AD/VaD), pure VaD, mixed AD/VaD, and any dementia (regardless of diagnosis type).
Because genetic factors may underlie links between cancer and AD, we conducted a similar set of analyses in which participants with no diagnosis of a particular dementia type at baseline who later developed that dementia were not considered part of the baseline no dementia group but were eliminated from the analysis.
Differences between the pure AD, pure VaD, and groups without dementia in baseline severity of dementia, as reflected in 3MSE scores, were tested using a mixed linear model. Using pure AD as the reference group, differences between these groups in time from baseline to death were tested using a Cox proportional hazards model. Both models were adjusted for the demographic and risk factor variables previously listed.
Analyses testing whether a history of cancer at baseline is associated with a future diagnosis of dementia. Cox proportional hazards models were first used to examine associations between a baseline cancer history (yes vs no) and time from baseline to first diagnosis of any AD, after adjustment for demographic characteristics (sex, race, age, education, income, CHS clinic) and risk factors associated with AD and VaD 21 (number of APOE ⑀4 alleles, hypertension, diabetes, and coronary heart disease [CHD, a summary variable that includes a history of angina, myocardial infarction, bypass surgery, or angioplasty]). Participants without a prevalent cancer history, but who later had an incident cancer hospitalization, were included in the baseline "no cancer history" group. Data from participants who did not develop AD were censored at the time of death or at June 30, 1999, when clinical observation was ended for the CHS Cognition Study. If preliminary testing indicated that the prevalent cancer variable interacted with another categorical variable, the analyses were then conducted separately for each level of the categorical variable. The analyses were repeated 5 times, substituting the "any AD" endpoint variable with variables reflecting different types, or combinations of types, of incident dementia diagnoses. In these analyses, data from participants who developed other dementia types were censored at the date of onset of those other dementia types. Like other CHS investigators, 12 we did not adjust for stroke in our analyses, because evidence of stroke was used in making the dementia-type diagnoses and is therefore not an independent risk factor.
To provide evidence for or against the idea that genetic factors might underlie associations between AD and cancer, we conducted similar analyses in which participants with no diagnosis of cancer at baseline who later developed cancer were removed from the analysis.
We used a Cox proportional hazards model, adjusted for the variables listed above, to examine whether there was a difference in time to death for participants with and without a cancer history at baseline.
Several additional analyses were conducted to test the proportional hazards assumption, the impact of missing data, and the robustness of results (appendix e-1 on the Neurology ® Web site at www.neurology.org). DISCUSSION This study addresses a number of potential limitations regarding prior findings of a slower rate of AD development for individuals with a cancer history and a slower rate of incident cancer diagnosis for individuals with AD. 7 First, associations between AD and cancer were found in a populationbased sample, suggesting that relationships between the 2 diseases were not due to the use of a convenience sample from a particular geographic area. Second, a potential source of diagnostic bias related to the possibility that the collateral sources of participants with AD might be less likely to report cancer diagnoses compared to those of participants without dementia is eliminated because cancer diagnoses in this study were obtained from hospitalization records. Third, the possibility that persons with AD were slower to be diagnosed with cancer because physicians were less likely to look for cancer among individuals with dementia is controlled by comparing the associations between cancer and AD with the associations between cancer and another dementia, VaD, caused by a non-AD etiology.
RESULTS
Although often co-occurring with AD, VaD itself is thought not to be neurodegenerative in origin, but to result from brain damage due to vascular pathology. Because baseline dementia severity was even higher for individuals with VaD than those with AD, the finding that VaD was not related to rate of incident cancer diagnosis suggests that it is unlikely that cognitive impairment per se explains the association between AD and cancer. The related possibility, that physicians tend to overlook dementia among individuals with cancer, is unlikely because the purpose of the CHS Cognition Study was to identify dementia and its subtypes among CHS participants regardless of other comorbidities. However, in everyday clinical practice, the possibility that physicians may be less likely to thoroughly look for cancer among individuals with dementia or less likely to look for AD among those with cancer remains. In cross-sectional research, differential death rates at earlier ages are possible explanations for a lower prevalence of cancer among individuals with AD, and a lower prevalence of AD among individuals with cancer. In this and our previous longitudinal study, all participants were alive at baseline and survival analysis techniques adjusted for age and other potential confounders were used to examine the rate of incident AD and cancer with time. The inclusion of participants with baseline VaD in this study allowed us to investigate whether individuals with AD showed a reduced rate of incident cancer because they died earlier during the follow-up period than participants without dementia. Previous research in the CHS sample indicated that individuals with VaD have a shorter interval than those with AD between disease onset and death. 22 Likewise, we found that the time between baseline assessment and death was faster for those with VaD compared to those with AD, with both dementia groups dying at a faster rate than participants without dementia in this study. If Table 3 Results of Cox proportional hazards models a testing time to first cancer hospitalization as it relates to having a particular dementia diagnosis vs no dementia at baseline the association of baseline AD with incident cancer was due to an earlier rate of death for the AD group compared to the group without dementia, then a similar effect should have been found for the VaD group. The effect of a baseline cancer history on subsequent dementia diagnoses also differed for incident AD and incident VaD. No association between cancer history and VaD development was found. Among white subjects, a cancer history was associated with a slower rate of AD diagnoses. The opposite effect was found for minority participants, such that a history of cancer was related to a more rapid rate of AD diagnosis with time. Most of our minority participants were African American (table 1), a group that is at higher risk for cancers occurring at many sites and for cancer-related deaths. 23 Reasons for these race-based disparities vary by cancer type, but may include differences in detection and treatment, underlying risk factors, cultural beliefs, lifestyle, and genetic factors. 23, 24 If a future study were to validate this finding, this would underscore the importance of research on racial and ethnic differences in cancer incidence and prognosis. However, given the small number of minority participants with a cancer history at baseline (n ϭ 29), we cannot exclude the possibility that this is a spurious finding.
Cancers occurring at some sites (e.g., benign skin cancers), or that were untreated (e.g., some prostate cancers) or treated solely on an outpatient basis (e.g., cervical carcinoma in situ) are not represented. There may be differences between AD and VaD in the stage at which cancers were diagnosed. Replication using data that reflect both inpatient and outpatient cancer diagnoses and cancer stage is needed. Additionally, because participants in the incident dementia analyses with a history of cancer were those who survived cancer, incident AD may be related to factors associated with cancer survival, rather than cancer itself. Future research should also examine relationships between AD and cancers occurring at particular sites. Finally, issues of mortality and bias remain a major concern.
Despite these limitations, the results add to and support the small amount of existing evidence suggesting an association between the development of cancer and AD among older adults, and suggest that cancer does not share a similar relationship with VaD. Together with work linking the development of cancer and PD, 4, 5 these results suggest that the development of many cancers may be associated with the development of neurodegenerative disorders. Table 4 Results of Cox proportional hazards models a testing time to diagnoses of any AD, pure AD, and any dementia diagnosis as a function of a history of cancer at baseline for white subjects and minority subjects separately Abbreviations: AD ϭ Alzheimer disease; CI ϭ confidence interval; HR ϭ hazard ratio; VaD ϭ vascular dementia. a Adjusted for the Cardiovascular Health Study clinic effect, sex, race, age, education, income, number of APOE ⑀4 alleles, hypertension, diabetes, and coronary heart disease.
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